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Description 

BACKGROUND  AND  SUMMARY  OF  THE  INVENTION 

The  present  invention  relates  generally  to  electri-  s 
tied  trains  and  more  specifically  to  a  method  for  safely 
energizing  the  power  line  of  the  train. 

Electro-pneumatic  train  braking  requires  electrical 
current  to  be  transmitted  over  wires,  serially  connected 
between  each  car  over  the  entire  length  of  the  train  or  10 
consist  from  the  locomotive.  There  is  a  need  for  insuring 
that  the  power  is  not  applied  when  the  connections 
between  each  car  are  initially  made.  The  reason  for  the 
concern  is  that  a  typical  electro-pneumatic  (EP)  brake 
system  requires  from  1  000  watts  to  1  500  watts  of  power  15 
operating  at  voltages  in  the  range  of  1  60  TO  240  volts 
AC  or  DC.  Since  the  connections  between  the  cars  have 
to  be  made  manually,  a  potential  hazard  exists  if  the 
connections  are  made  with  the  system  or  trainlines 
energized.  To  avoid  this  hazard,  the  system  is  shut  20 
down,  the  cars  are  connected  and  then  the  system  is 
brought  up  manually.  The  hazard  would  still  exist  if  the 
system  was  not  turned  off  during  interchange  or  if  it  was 
prematurely  brought  up. 

The  problem  exists  on  trains  wherein  each  car  25 
includes  electro-pneumatic  operated  brake  equipment, 
or  on  the  electro-pneumatic  portion  of  a  mixed  train  con- 
taining  both  conventional  pneumatic  and  electro-pneu- 
matic  brake  equipment. 

Thus,  an  object  of  the  present  invention  is  to  pro-  30 
vide  an  electrical  power  system  which  prevents  the 
electrocution  hazards  during  interchange. 

Another  object  of  the  present  invention  is  to  provide 
a  system  which  automatically  de-energizes  during  inter- 
change  and  re-energizes  after  interchange.  35 

These  and  other  objects  are  achieved  by  a  method 
and  apparatus  which  determines  that  all  of  the  cars  are 
connected  and  then  subsequently  automatically  powers 
the  train  thereafter  at  a  first  voltage. 

The  specific  method  includes  de-energizing  the  40 
power  line  at  the  locomotive.  Next,  an  electrical  signal  is 
transmitted  through  each  of  the  cars  in  the  train 
between  the  locomotive  and  the  last  car  in  the  consist  at 
a  second  voltage  substantially  less  than  the  first  volt- 
age.  Upon  verification  of  receipt  of  the  test  signal,  the  45 
trainline  is  powered  automatically.  Preferably,  the  pow- 
ering  of  the  train  is  delayed  a  predetermined  time  period 
after  verification.  An  end  of  train  device  or  similar  device 
is  included  in  the  last  car  and  generates  the  test  signal 
which  is  transmitted  over  the  trainline  wires  to  the  loco-  so 
motive.  The  end  of  train  device  includes  a  low  voltage 
source  substantially  less  than  the  first  voltage  capable 
of  operating  either  a  beacon  or  transponder  on  the  last 
car.  The  locomotive  engineer  determines  when  the  cars 
are  in  interchange  and  can  manually  de-energize  the  55 
system.  Opening  the  trainline  will  also  de-energize  the 
line  and  switch  the  cars  to  battery  operation. 

Other  objects,  advantages  and  novel  features  of  the 
present  invention  will  become  apparent  from  the  follow- 

ing  detailed  description  of  the  invention  when  consid- 
ered  in  conjunction  with  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  schematic  of  a  train  having  electro- 
pneumatic  braking  and  incorporating  the  principles  of 
the  present  invention. 

Figure  2  is  a  flow  chart  of  the  method  of  energizing 
the  electro-pneumatic  trainline. 

Figure  3  is  a  flow  chart  of  a  method  of  automatically 
de-energizing  the  electro-pneumatic  trainline  according 
to  the  principles  of  the  present  invention. 

Figure  4  is  a  block  diagram  of  a  multiple  locomotive 
consist  incorporating  the  principles  of  the  present  inven- 
tion. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

A  train  consist,  as  illustrated  in  Figure  1  ,  includes  a 
locomotive  10,  a  plurality  of  cars  30  and  an  end  of  train 
device  40,  located  on  the  last  car,  connected  by  trainline 
50.  The  trainline,  preferably  is  a  pair  of  power  lines,  but 
may  include  other  signal  lines.  The  system  described 
provides  communications  over  the  power  lines  but  the 
power  and  communication  lines  may  be  separate  lines 
within  the  trainline  50.  The  locomotive  10  communicates 
and  controls  the  braking  and  monitors  the  health  of  the 
individual  cars  using  a  master  brake  controller  or  com- 
munications  chip  1  1  which  is  a  Neuron  chip  as  part  of  a 
LonWorks  communication  system,  designed  by  Eche- 
lon  Corporation  of  Palo  Alto,  California. 

The  Neuron  chip  1  1  can  communicate  via  trans- 
ceiver  12  connected  to  the  trainline  via  power  line  cou- 
pling  circuit  13.  The  power  line  coupling  circuit  13,  for 
example,  can  be  a  transformer  and  capacitor  circuit,  to 
provide  AC  or  DC  isolation,  the  processor  consists  of  a 
Neuron  chip  11,  clock  14,  reset  15,  and  memory  16. 
The  Neuron  chip  1  1  is  powered  by  a  voltage  converter 
17  which  is  connected  to  a  power  supply  18.  As  illus- 
trated,  the  75  volt  DC  input  available  on  the  locomotive 
is  conditioned  by  power  supply  18  and  provides  a  24 
volt  DC  supply  to  the  converter  1  7.  The  DC  to  DC  Con- 
verter  1  7  provides  5  volt  DC  output  from  the  24  volt  DC 
input.  The  Neuron  chip  1  1  controls  powering  or  energiz- 
ing  of  the  power  lines  on  the  trainline  50  by  a  relay  driver 
22  and  a  relay  24.  the  high  voltage  AC  or  DC  power 
source  on  the  trainline  is  connected  as  an  input  to  the 
relay  24  and  provided  on  the  trainline  cable  50  under  the 
control  of  the  relay  22.  Typically,  the  available  power 
source  is  160  to  230  volts  AC  or  DC. 

Each  of  the  individual  cars  30  includes  a  local  brake 
controller  or  Neuron  chip  31,  communicating  over  the 
trainline  50  via  power  line  carrier  transceiver  32  and 
power  line  coupling  circuit  33.  Other  components  of  the 
controller  include  the  Neuron  chip  31  ,  a  clock  34,  a  reset 
circuit  35,  and  memory  36.  A  power  supply  38  con- 
nected  to  the  trainline  50  receives  power  from  the  train- 
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line  and  charges  the  battery  41  through  the  battery 
charger  39.  The  battery  41  provides  power  as  an  input 
to  the  converter  37  which  powers  the  Neuron  chip  31  . 

The  end  of  train  device  40  on  the  last  car  of  the  con- 
sist  includes  a  Neuron  chip  31  connected  to  the  trainline  s 
50  by  transceiver  32  and  coupling  circuit  33.  It  also 
includes  power  supply  38,  battery  charger  39,  battery 
41  and  converter  37.  The  end  of  train  device  4  also 
includes  a  line  termination  circuit  42. 

It  should  be  noted  that  the  Neuron  chip  1  1  and  the  10 
LonWorks  is  a  preferred  communication  method.  Other 
communication  methods  may  be  used.  The  communi- 
cation,  control  and  monitoring  system  at  the  locomotive 
and  at  the  individual  cars  may  include  additional  ele- 
ments  or  pieces  of  electronics,  but  those  disclosed  are  is 
those  needed  to  perform  the  method  of  the  present 
invention.  For  example,  the  Neuron  chip  31  may  receive 
input  signals  monitoring  the  air  pressure  and  various 
elements  of  the  electro-pneumatic  brake  system,  hot 
box  detector  or  other  kinds  of  devices  monitoring  the  20 
conditions  or  parameters  on  each  of  the  individual  cars. 

Although  each  of  the  cars  30  and  40  include  a  bat- 
tery  41  ,  the  system  operates  from  a  1  20-240  volts  AC  or 
DC  with  a  power  level  of  1000  to  1500  watts  over  the 
trainline  50.  The  trainline  50  is  a  serially  connected  25 
trainline  running  car  to  car  through  an  appropriate  con- 
nector.  The  present  method  prevents  powering  of  the 
trainline  50  until  all  of  the  cars  are  connected  in  the 
trainline  up  to  and  including  the  last  car  and  end  of  train 
device  40  located  on  the  last  electrically  connected  car.  30 
This  removes  the  potential  hazard  that  exists  if  the  train- 
line  50  is  powered  at  1  60  to  230  volts  (1  000-1  500  watts) 
during  the  train  make-up  or  car  interchange.  The  battery 
41  on  each  car  has  sufficient  power  to  operate  the  Neu- 
ron  chip  31  and  its  transceiver  32.  35 

It  is  possible  to  have  a  train  with  both  electro-pneu- 
matic  and  conventional  pneumatic  brakes  operating  in 
the  same  train.  However,  in  order  for  the  electro-pneu- 
matic  brakes  to  be  operational,  the  cars  equipped  with 
the  electro-pneumatic  brakes  must  be  the  first  group  of  40 
cars  following  the  locomotive.  Additionally,  for  the  safety 
interlock  to  function,  the  last  car  equipped  with  electro- 
pneumatic  brakes  must  have  an  end  of  train  device  40 
connected  to  its  trainline  connector. 

The  present  system  prevents  powering  of  the  train-  45 
line  50  until  it  can  be  determined  that  all  of  the  cars  are 
serially  interconnected.  To  determine  the  successful 
interconnection  of  all  of  the  cars  to  each  other  and  to  the 
locomotive  1  0,  the  end  of  train  device  40  under  control 
of  its  Neuron  chip  31  transmits  a  signal  over  the  unpow-  so 
ered  power  lines  50  to  the  locomotive  controller  10. 
Once  the  Neuron  chip  11  in  the  locomotive  10  deter- 
mines  that  the  Neuron  chip  31  in  the  end  of  the  train 
device  40  on  the  last  car  of  the  consist  has  transmitted 
a  test  signal  through  the  serially  connected  trainline  50,  55 
the  Neuron  chip  1  1  will  activate  the  relay  driver  22  and 
relay  24  to  connect  the  high  voltage  power  source  to  the 
trainline  50.  This  in  turn  powers  all  car  control  devices 
on  each  car  equipped  with  electro-pneumatic  brakes. 

The  signal  may  be  a  spread  spectrum  frequency  signal 
having  a  frequency,  for  example,  in  the  100  kHertz  to 
450  kHertz  range  and  a  signal  level  of  approximately  5 
volts.  As  an  alternative,  the  test  signal  may  be  transmit- 
ted  through  the  train  from  the  locomotive  1  0  to  the  end 
of  train  device  40  which  reports  receipt  of  the  test  signal 
either  back  through  the  train  over  trainline  50  or  via 
other  communication  links. 

The  flow  chart  of  the  operation  is  illustrated  in  Fig- 
ure  2.  It  begins  at  51  with  the  initiation  of  the  power  up 
on  the  locomotive  brake  controller  10  and  with  the  train- 
line  power  disabled.  The  end  of  train  device  40  is  con- 
nected  to  the  trainline  connector  on  the  last  car,  at  box 
2,  and  powered  up,  at  box  54.  This  initiates  sending,  at 
box  56,  a  repetitive  trainline  continuity  message  by  the 
end  of  the  train  device  40  to  the  locomotive  brake  con- 
troller  10.  Once  a  receipt  of  a  valid  signal  from  the  end 
of  train  device  40  on  the  last  car  is  received  by  the  Neu- 
ron  chip  1  1  at  the  locomotive,  at  box  58,  Neuron  chip  1  1 
energizes  the  trainline  using  relay  driver  22  and  relay  24 
as  indicated  by  box  60.  After  the  trainline  50  is  ener- 
gized,  the  end  of  train  device  40  confirms  that  the  train- 
line  50  as  indicated  at  box  62,  is  powered  up  and  send 
a  confirmation  message  to  the  locomotive  brake  con- 
troller,  as  indicated  by  box  64.  Preferably,  there  is  a 
delay  between  receipt  of  trainline  connected,  message 
received,  box  58,  and  energizing  trainline  50,  box  60,  for 
safety. 

The  routine  on  Figure  2  may  be  performed  in  com- 
bination  with  serialization  of  the  train.  As  an  alternate 
method,  the  locomotive  controller  10  can  send  a  "poll- 
ing"  message  to  the  end  of  train  device  requesting  a 
continuity  message  response  from  the  end  of  train 
device  40.  When  a  response  is  received  from  the  end  of 
train  device  40,  the  power  relay  24  is  switched  on,  ener- 
gizing  the  trainline  50. 

A  flow  chart  of  the  operation  of  the  Neuron  chip  1  1 
to  de-energize  the  power  on  trainline  cables  50  is  illus- 
trated  in  Figure  3.  The  process  begins  after  the  shut- 
down  is  indicated  by  box  70.  A  determination  is  then 
made  at  box  72  as  whether  the  train  power  switch  is  off. 
If  it  is  off,  then  the  relay  24  at  the  locomotive  controller 
10  is  de-energized,  therefore  keeping  the  trainline  50 
off.  If  the  trainline  power  switch  is  on,  then  there  is  a 
determination,  at  box  76,  as  to  whether  the  train  is  mov- 
ing.  If  a  train  is  not  moving,  then  at  box  78,  it  is  deter- 
mined  whether  the  trainline  is  separated.  If  it  is 
separated,  then  again,  relay  24  is  de-energized,  at  box 
74.  If  the  trainline  power  switch  is  on,  the  train  is  not 
moving,  and  the  trainline  is  not  separated,  then  the  relay 
24  is  energized  to  power  up  the  trainline  50.  Also,  if  the 
trainline  power  switch  is  on  and  the  train  is  moving,  then 
the  relay  24  is  energized,  at  box  80,  and  the  train  line  is 
powered. 

A  train  may  include  more  than  one  locomotive  as 
illustrated  in  Figure  4.  Two  locomotives,  for  example, 
10A  and  10B  are  shown  interconnected  by  a  27  pin  mul- 
tiple  unit  trainline  110,  each  having  respective  27  pin 
connector  108  and  112.  The  lead  locomotive  10A  has 
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an  EP  brake  controller  100  and  an  operator  interface 
unit  102  connected  to  the  trainline  communication  con- 
troller  104.  The  trainline  communication  controller  104 
would  include  elements  1  1  -1  8  of  Figure  1  .  A  locomotive 
color  display  106  is  optional.  The  trainline  communica-  5 
tion  controller  104  is  connected  to  the  unoccupied  multi- 
pin  connector  1  08  of  the  lead  locomotive  1  0A.  The  train- 
line  communication  control  104  communicates  over  a 
pair  of  the  27  pin  or  line  multiple  unit  locomotive  trainline 
110.  70 

In  the  trailing  locomotive  10B,  a  power  line  supply 
116  is  connected  to  trainline  power  controller  114.  EP 
trainline  connector  1  18  is  connected  to  the  trainline  con- 
troller  1  14  which  is  connected  to  the  unoccupied  trailing 
27  pin  multi-unit  trainline  connector  112.  The  trainline  is 
power  controller  114  includes  elements  11,  22  and  24 
from  Figure  1  .  The  trainline  power  controller  1  1  4  may  be 
connected  to  the  EP  trainline  connector  118  by  one  or 
more  lines.  Alternatively,  the  EP  trainline  connector  may 
also  be  connected  to  the  27  pin  multiple  connector  112  20 
for  a  signal  transmission  while  the  trainline  power  con- 
troller  112  provides  the  high  powered  voltage  connec- 
tion  to  the  EP  trainline  connector  118. 

The  transmission  of  the  test  signal  over  trainline  50 
between  the  auxiliary  end  of  train  device  40  and  the  25 
trainline  communication  controller  104  is  through  the  27 
pin  multi-unit  trainline  110.  Once  it  is  determined  that 
the  trainline  50  should  be  energized  or  powered,  the 
trainline  communication  controller  104  communicates 
with  the  trainline  power  controller  1  14  to  apply  power  to  30 
the  trainline  50.  By  providing  the  high  power  voltage 
from  the  trailing  locomotive,  the  27  pin  multi-unit  train- 
line  1  10  is  not  energized  with  the  voltage  above  the  75 
volts,  for  example.  This  allows  for  communication 
through  the  total  train  from  the  lead  locomotive  and  its  35 
trainline  communication  controller  104  while  safely 
energizing  the  high  power,  high  voltage  from  the  trailing 
locomotive  10B  to  the  cars  in  the  train. 

As  previously  discussed,  the  trainline  50  may 
include  a  pair  of  power  lines  with  one  or  more  signal  40 
transmission  lines.  The  communication  and  polling  to 
determine  whether  a  car  having  an  end  of  train  device  is 
connected  in  the  consist,  may  be  conducted  over  the 
power  lines  or  over  signal  communication  lines  in  the 
trainline.  The  importance  being  that  the  power  lines  are  45 
not  activated  with  high  voltage,  high  wattage  power  until 
an  appropriate  end  of  train  device  signal  is  received. 
This  assures  the  safety  of  the  personnel  handling  the 
train  at  interchange. 

Although  the  present  invention  has  been  described  so 
and  illustrated  in  detail,  it  is  to  be  clearly  understood  that 
the  same  is  by  way  of  illustration  and  example  only,  and 
is  not  to  be  taken  by  way  of  limitation.  The  spirit  and 
scope  of  the  present  invention  are  to  be  limited  only  by 
the  terms  of  the  appended  claims.  55 

Claims 

1.  A  method  of  powering  each  car  in  a  train,  which 

includes  at  least  one  locomotive  (10)  and  a  plurality 
of  cars  (30),  each  car  being  serially  connected  elec- 
trically  to  an  adjacent  car  (30)  by  at  least  a  power 
line  (50)  and  having  a  local  controller  (31)  control- 
ling  an  electric  system  powered  at  a  first  voltage 
from  and  controlled  by  a  master  controller  (11)  in 
said  locomotive,  the  method  comprising: 

de-energising  said  power  line  (50), 
transmitting  a  test  electrical  signal  between  the 
locomotive  (10)  and  the  last  car  in  the  trainline 
through  each  of  the  cars  at  a  second  voltage 
substantially  less  than  said  first  voltage, 
verifying  receipt  of  the  test  electrical  signal 
between  the  locomotive  (10)  and  the  last  car, 
and 
automatically  powering  said  train  over  said 
power  line  (50)  at  said  first  voltage  upon  verifi- 
cation. 

2.  The  method  of  claim  1  ,  including  delaying  the  pow- 
ering  of  the  train  for  a  predetermined  period  after 
verification. 

3.  The  method  of  claim  1  or  2,  including  providing  an 
end  of  train  device  (40)  in  said  last  car  of  said  train, 
and  transmitting  of  the  test  electrical  signal  by  said 
last  car  having  said  end  of  train  device  to  the  loco- 
motive  (10). 

4.  The  method  of  any  preceding  claim,  wherein  said 
last  car's  local  controller  (31)  reports  receipt  of 
trainline  power  to  said  master  controller  (11). 

5.  The  method  of  claim  4,  wherein  said  test  signal  is 
transmitted  and  said  last  car's  local  controller  (31) 
reports  over  said  power  line  (50),  informing  the 
master  controller  (1  1)  of  trainline  continuity. 

6.  The  method  of  any  preceding  claim,  including  pro- 
viding  an  end  of  train  device  (40),  a  low  voltage 
power  source  substantially  less  than  said  first  volt- 
age  capable  of  powering  said  local  controller  (31) 
and  a  transponder  (32)  on  said  last  car. 

7.  The  method  of  any  preceding  claim,  wherein  said 
test  signal  is  transmitted  over  said  power  line  (50). 

8.  The  method  of  any  of  claims  1  to  6,  wherein  said 
train  includes  a  signal  line  (50)  extending  there- 
through  and  said  test  signal  is  transmitted  over  said 
signal  line. 

9.  The  method  of  any  preceding  claim,  wherein  said 
test  signal  is  transmitted  from  said  last  car  to  said 
locomotive  (10)  through  each  car  (30)  and  said 
locomotive  verifies  receipt  of  the  test  electrical  sig- 
nal. 

4 
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1  9.  The  train  of  any  of  claims  11  to  18,  wherein  said 
train  includes  at  least  a  leading  and  trailing  locomo- 
tives  (10A,  10B),  and  said  master  controller  (104)  is 
in  said  leading  locomotive  (10A)  and  said  power 
line  (50)  is  powered  from  said  trailing  locomotive 
(10B). 

a  local  controller  (31)  in  a  last  car  in  the  train  15 
transmits  a  test  electrical  signal  to  the  locomo- 
tive  (10)  through  each  of  the  cars  at  a  second 
voltage  substantially  less  than  said  first  voltage 
after  de-energisation  of  the  power  line  (50), 
said  master  controller  (11)  verifies  receipt  of  20 
the  test  electrical  signals  from  the  last  car  of 
said  train,  and 
said  master  controller  (11)  automatically  pow- 
ers  said  power  line  (50)  at  said  first  voltage 
upon  verification.  25 

12.  The  train  of  claim  1  1  ,  wherein  the  master  controller 
(11)  delays  the  powering  of  the  train  for  a  predeter- 
mined  period  after  verification. 

30 
13.  The  train  of  claim  11  or  12,  including  an  end  of  train 

device  (40)  in  said  last  car  of  said  train,  and  said 
master  controller  (11)  verifies  receipt  of  the  test 
electrical  signal  by  said  last  car's  local  controller 
(31)  having  said  end  of  train  device.  35 

14.  The  train  of  any  of  claims  1  1  to  13,  wherein  said  last 
car's  local  controller  (31)  includes  a  transponder 
which  reports  receipt  of  trainline  power  to  said  mas- 
ter  controller  (1  1).  40 

15.  The  train  of  claim  14,  wherein  said  test  signal  is 
transmitted  and  said  last  car's  local  controller  (31) 
reports  over  said  power  line  (50). 

45 
16.  The  train  of  claim  14,  including  on  said  last  car,  a 

low  voltage  power  source  substantially  less  than 
said  first  voltage  capable  of  powering  said  local 
controller  (31)  and  transponder  on  said  last  car. 

50 
1  7.  The  train  of  any  of  claims  1  1  to  1  6,  wherein  said  test 

signal  is  transmitted  and  said  last  car's  local  con- 
troller  (31)  reports  over  said  power  line  (50). 

18.  The  train  of  any  of  claims  1  1  to  1  7,  including  on  said  ss 
last  car,  a  low  voltage  power  source  substantially 
less  than  said  first  voltage  capable  of  powering  said 
local  controller  (31)  on  said  last  car. 

10.  The  method  of  any  of  claims  1  to  8,  wherein  said 
test  signal  is  transmitted  from  said  locomotive  (1  0) 
to  said  last  car  through  each  car  (30),  said  last  car 
reports  receipt  of  said  test  signal  to  said  locomotive 
and  said  locomotive  verifies  receipt  of  the  report.  5 

11.  A  train  including  at  least  one  locomotive  (10)  and  a 
plurality  of  cars  (30),  each  car  being  serially  con- 
nected  electrically  to  an  adjacent  car  by  at  least  a 
power  line  (50)  and  having  a  local  controller  (31)  10 
controlling  an  electrical  system  powered  at  a  first 
voltage  from  and  controlled  by  a  master  controller 
(11)  in  said  locomotive,  wherein: 

30 

35 

5 
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